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PREFACE

The Volpe National Transportation Systems Centelf® Center) of the U.S. Department of
Transportation’s (U.S. DOT) Research and Innovatigehnology Administration, in
conjunction with the National Highway Traffic Safegdministration (NHTSA), is conducting
independent evaluations of various crash avoidapstems in support of the U.S. DOT'’s
Intelligent Vehicle Initiative (IVI). The IVI focses on solving traffic safety problems through
the development and deployment of vehicle-basedrahitle-infrastructure cooperative crash
countermeasures that address rear-end, roadwastutepdane change, crossing paths, driver
impairment, reduced visibility, vehicle instabilifyedestrian, and pedalcyclist crashes. The
purpose of the independent evaluations is to asksesspact of crash avoidance systems on
factors, such as safety benefits and driver acneptavhich influence the decision of
government officials and private industry to accaie the deployment of these systems in the
U.S. vehicle fleet and infrastructure. Crash asnik prototypes or production-intent systems
have been built and undergone field operation#s fies four vehicle platforms including light
vehicles (passenger cars, sport utility vehiclesisy minivans, and pickup trucks), commercial
vehicles (medium and heavy trucks), transit veki¢lrises, but not school buses), and specialty
vehicles (police, fire, ambulance, snow plows, atiger roadway maintenance vehicles).

This report presents the results of an indepenelaaitiation by the Volpe Center to estimate the
safety benefits, determine driver acceptance, aadacterize the capability of an automotive
rear-end crash avoidance system built by Generébid@nd Delphi Electronics for light-
vehicle applications. This was a part of the Audtine Collision Avoidance System Field
Operational Test (ACAS FOT) program sponsored byfSA. According to the 2002 National
Automotive Sampling System/General Estimates Systash database, light vehicles were
involved in approximately 1.8 million police-reped rear-end crashes in the United States or
about 29 percent of all light-vehicle crashes. sehear-end crashes resulted in about 850,000
injured people.

The authors of this report avéassim NajmMary StearnsHeidi Howarth Jonathan Koopmann
andJohn Hitz

The authors acknowledge the technical contribudiloth support of many individuals in different
organizations. Appreciations are dugl&k Ferencgprogram manager, and Bv. August
Burgettand Dr.David L. Smithof NHTSA for their support and technical guidan@dso
acknowledged are the following Volpe Center stafbple who contributed to many aspects of
the independent evaluation:

- Frank Foderaro database and software management as well agjuiata
- Andy Lamdata processing and conflict identification altfons

— Marco daSilvaMonte Carlo computer simulation models

— Sara SecundaGPS/GIS vehicle location algorithm

— Bruce Wilsondata processing and conflict identification altjons

- Linda Boyle driver acceptance framework and survey compasitio



— Jonathan Tamanalysis of video episodes
— Paul Schimekevaluation planning

The authors also acknowledBaman SampatandBalaji Gopalanof Computer Sciences
Corporation for their diligent efforts in buildiregnd maintaining the database, developing the
multimedia data analysis tool, programming varialgorithms, and performing data query.
Researchers at the University of Michigan Transgimm Research Institute were very helpful
and cooperative in transferring FOT data, expla@gmata anomalies, providing video processing
and time synchronization routines, accommodatinip® @€enter staff for subject debriefings
and focus groups, responding quickly to inquirsegporting the system characterization test,
and sharing their overall expertise in running FOThe technical staffs at General Motors and
Delphi Electronics were also helpful in explainveyious aspects of system operation. Finally,
Cassandra Oxlepf Chenega Advanced Solutions and Engineering (EEASC) is appreciated
for editing this report.
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EXECUTIVE SUMMARY

This report presents the results of an indepenelaitiation by the Volpe Center to assess an
automotive rear-end crash avoidance system buiGdyeral Motors and Delphi Electronics for
light-vehicle applications. According to the 2083ational Automotive Sampling System/
General Estimates System (NASS/GES) crash datdigtseyehicles (e.g., passenger cars, vans,
minivans, sport utility vehicles, and light trucksgre involved in approximately 1.8 million
police-reported rear-end crashes in the UniteceStait about 29 percent of all light-vehicle
crashes. These rear-end crashes resulted in @60/@00 injured people.

System Description

This rear-end crash avoidance system is knownea8ttomotive Collision Avoidance System
(ACAS), which consists of both forward crash wagh(RCW) and adaptive cruise control
(ACC) functions. The FCW detects, assesses, ants ahe driver of a potential hazard in the
forward region of the host vehicle. The FCW isoaudtically functional when the host vehicle
speed exceeds 25 mph (40 km/h), and becomes ieaghign the speed falls below 20 mph (32
km/h). The ACC uses automatic brake and throttlaintain speed and longitudinal headway
control. The maximum braking authority of ACC i8€¢. Cautionary alerts are visually
presented to the driver by means of a color headigaglay (HUD). The driver can control the
sensitivity of visual cautionary alerts in six g&gs. Crash imminent alerts consist of both a
flashing visual display (HUD) and an auditory afeoim a speaker embedded in the dashboard,
which occur simultaneously. The timing of the ey visual display and the auditory tone are
not adjustable. The driver can set the gap headdvAZC in six steps between 1 and 2
seconds. The ACC possesses a warning capabdityakes into account the braking that ACC
can provide (up to 0.3 g). In integrating FCW &IC functions, the ACAS is intended to
improve automotive safety by assisting driversvoiérear-end crashes.

Description of Field Operational Test

The ACAS underwent a field operational test (FQiBttwas conducted with 10 equipped
vehicles from March 2003 to November 2004. Nirgiysubjects were selected from the State
of Michigan as FOT patrticipants, 66 of which wexp@sed to the final version of the ACAS
that was evaluated in this report. They were ggjitally by gender and three age groups:
younger (20 to 30 years old), middle-age (40 tg&drs old), and older (60 to 70 years old).
Each subject drove the ACAS-equipped vehicle ashiger own personal car for a test period of
four weeks, unsupervised and unrestricted. Tiseviireek was dedicated to collecting baseline
driving data, i.e.withoutthe assistance of the ACAS. During this week, FOBjects drove

with manual control and also had the option of ggianventional cruise control (CCC). During
the remaining three weeks, driving was performwéti the assistance of the ACAS. In that
period, subjects drove the FOT vehicles with eithanual control or manual control augmented
with the FCW function, and they also had the optbengaging ACC. It should be noted that
FOT subjects could not disable the FCW functionrdpACAS-enabled test period. Two hours
of training were provided for FOT participants prio starting the FOT.
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Independent Evaluation Goals
Goals of the independent evaluation of ACAS were to

» characterize ACAS performance and capability;
» achieve a detailed understanding of ACAS safetgfitsn and
» determine driver acceptance of ACAS.

The independent evaluation sought to address these goals to support the decision process in
the deployment of crash avoidance systems. Thed&Dé&rated objective data gathered by on-
board data acquisition systems and subjectiveatzstaned from test subject interviews, surveys,
and focus group sessions. The Volpe Center inadkgrely conducted a system characterization
test to acquire additional data on the performarfid®CAS sensors and automatic controls from
controlled, predetermined on-road routes.

Independent Evaluation Results

System Exposure

FOT participants (66 subjects) drove a total oftald®3,000 km during the FOT — 64,000 km
with FCW and 44,000 km with ACC. ACC use was alh8ttimes greater than CCC in terms
of vehicle distance traveled (VDT). The older plagion used ACC most often. About 85
percent of the distance traveled was accumulatedratle speeds greater than or equal to 35
mph. About 55 percent of the distance traveled eveBeeways.

System Capability

The system capability analysis examined the operatiperformance of ACAS by addressing its
major components individually: sensor suite, diggtc, automatic controls, and driver-vehicle
interface (DVI). FOT participants received 0.6agh-imminent alerts per 100 km traveled
overall — 56 percent of the alerts were due toathpargets and the remaining 44 percent were
caused by out-of-path targets. The highest rategash-imminent alerts was issued at vehicle
speeds between 25 and 35 mph, amounting to 2.8 pkr 100 km traveled. In an analysis of
recorded facial images, the driver appeared tadieadted in 38 percent of all crash-imminent
alert episodes. The eyes of the driver were @frtad ahead for at least 1.5 seconds prior to the
alert in 3 percent of all crash-imminent alert ediss. The independent evaluation judged 28 or
about 3 percent of all crash-imminent alerts ase'tialerts to a potential impending rear-end
collision. Thus, the rate of true alerts was aldo8tcrash-imminent alerts per 10,000 km
traveled. Based on a sample of “closing” evetis analysis of ACC autobraking in response to
a lead vehicle decelerating ahead showed that AGECslow to disengage the automatic brakes
after the ACAS-equipped vehicle is no longer clgsimon the lead vehicle; the median time
delay for ACC to release the brakes in this sitratwas about 2 seconds. Based on survey data,
acceleration authority and deceleration authofityhe ACC were rated at an average of 4.46 and
3.85, respectively (1= too fast and 7= too slowe majority of FOT subjects rated very
favorably the capability of the DVI in conveyingear information.
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Safety Impact

The safety benefits analysis assessed the safpaicirof ACAS in three areas using FOT
objective data: exposure and response to drivingicts at four different intensity levels,
involvement in severe near-crashes, and unintecolesequences. This safety analysis focused
on ACAS as an integrated package of FCW and ACQ dahnot attempt to separate ACC and
FCW effects because the two functions were coupléde FOT vehicle and will typically be
bundled together in production vehicles. Sepaatdyses of FCW and ACC functions were
conducted by the University of Michigan Transpoa@atResearch Institute and General Motors.
Subjects experimented with the ACAS during the fiesv days the system was enabled,
attempting to trigger crash-imminent alerts. Tfseff the influence of ACAS experimentation,
the safety impact was assessed by comparing grerésrmance between the ACAS-Disabled
test period and the second half of the travelethdce during the ACAS-Enabled test period.
The ACAS reduced exposure to all driving conflieigding to rear-end crashes by 8-23 percent
under the following conditions: daylight, clear wear, moderate traffic, freeways, or vehicle
speeds greater than or equal to 35 mph. Moredwegas estimated that ACAS reduced
exposure to lead-vehicle-decelerating conflictd by26 percent at speeds greater than or equal
to 35 mph. There was also a 29-46 percent reduatiexposure to lead-vehicle-stopped
conflicts at speeds between 25 and 35 mph, and Jpe&ent reduction at speeds greater than or
equal to 35 mph. There were very few differenoedriver response initiation and response
intensity betweemvith andwithoutthe assistance of ACAS conditions once a driviowflect

was encountered.

ACAS, as an integrated system of FCW and ACC fomneti has the potential to prevent about 10
percent of all rear-end crashes based on projectiat combine FOT data with GES crash
statistics. The 95 percent confidence lower ameupounds of system effectiveness are
respectively 3 and 17 percent, resulting in a redoof approximately 133,000 and 687,000
rear-end crashes in the United States annuallgsé& projections of safety benefits are
conservative estimates and a “best guess” givendhee of data collected during this FOT.
About 63 percent of these predicted safety benafésattributed to a decrease in exposure to
driving conflicts at speeds greater than or equ&5 mph. In this speed range, FOT subjects
traveled about 54 and 42 percent of all VDT in A@AS-Enabled test period respectively with
FCW and ACC.

ACAS also reduced the exposure to severe nearasaglring the FOT by 10-20 percent.

Severe near-crashes were defined by a minimumtoreedlision of less than 3 seconds and a
peak deceleration level by the host vehicle of @/8g. Analysis of video episodes triggered by
crash-imminent alerts showed that the system nhigh¢ prevented a crash, near-crash, or heavy
braking by the host vehicle in 28 episodes. Naot@mded negative consequences were observed
by examining travel speed, time headway, distractmd eyes-off-the-road. Long-term,

positive or negative, safety effects were not eat@ld due to the nature of the FOT.

Driver Acceptance

The driver acceptance analysis addressed the fiolpfive objectives based on survey and
numerical data: ease of use, ease of learningepert value, advocacy, and driving
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performance. Driver acceptance findings suggesixad response to the FCW system by FOT
participants as a group. Just under half of theeds said that they “probably” or “definitely”
would consider purchasing FCW and three-fifthshef ¢lder drivers said they would “probably”
or “definitely” purchase FCW. Using a more refirtedhnique to estimate the FCW purchase
likelihood, results show that just over one-quactethe drivers actually would purchase FCW
assuming 100 percent system availability and 100goe feature awareness. The data also
indicate that, when FCW alerted drivers to acthedats, their opinion of the FCW system was
more positive. However, drivers did not experiem@ny actual threats. The more tentative
opinions may result from receiving false alerts thare deemed excessive, and/or recurring.
About 41 percent of the subjects stated that theyldvhave used an on-off switch to turn off
FCW crash alerts, if it had been available.

In general, drivers viewed ACC very positively désgxpressing concerns about its ungainly
acceleration and braking, as well as some degraaagrtainty about brake light activation to
alert vehicles behind. The purchase likelihooAGIC was estimated at 44 percent, assuming
100 percent system availability and 100 perceritifesawareness.

Lessons Learned and Recommendations

System Design

Generally speaking, the FCW function of ACAS inaies state-of-the-art sensor technologies
for short-term deployment plans (1-2 years). Havewnproved signal processing and threat
assessment algorithms would enhance FCW alerteffiby better recognition of slower lead
vehicles transitioning from the path of the hodtigke to out of its path. This event generated
numerous unnecessary crash-imminent alerts dunm§®T, and even forced the ACC to
automatically brake in response to lead vehiclésngxthe freeway. Stationary out-of-path
targets were the greatest source of false crashAemhalerts. The disregard of stationary
(never before seen moving) objects by the thresgsssnent algorithm would increase system
credibility and driver acceptance since false atatonthese objects would be removed.

The analysis of crash-imminent alerts also showatihcreasing the threshold to activate FCW
over 25 mph would not make any significant impacfalse and nuisance alerts (> 50%
reduction). To boost driver acceptance of FCWhatexpense of some limited safety benefits, it
is recognized that a trade-off must be made betwk®hrates and the speed threshold and
sensitivity of FCW. The ACAS incorporated many sygiems to identify the path of the host
vehicle, and track and select targets at long migthe path of the host vehicle. One of these
subsystems is GPS/GIS mapping to help identifyptite of the host vehicle and make in-path
target selection; though it is not clear that thesture had a significant impact on crash-imminent
alerts. It is recommended that human factors testsonducted to obtain user feedback on the
usability of some of the HUD icons presented to FDbjects by the ACAS. This
recommendation is based on qualitative commentermgd-OT subjects during debriefings and
focus group meetings. It should be noted that tycautionary and crash-imminent alert icons
of FCW were tested prior to building the pilot vabifor the FOT. Survey and subjective data
from FOT subjects and system characterizationd&ist suggest that even better acceptance of
ACC would be achieved with improved automatic aealon and deceleration characteristics.
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The results of the independent evaluation suggasgimal acceptance of FCW and better
acceptance of ACC as well as some positive safeligators (e.g., less exposure to driving
conflicts and severe near-crashes with ACAS) traatant deployment at least at low-level
market penetration.

Additional research may be necessary to reduce &ld nuisance alerts of FCW and to enhance
the timing of crash-imminent alerts for mid-ternpblgyment plans (2-5 years). Proceeding with
further FCW enhancement activities may depend conessful results (driver satisfaction, units
sold, and positive safety impact) from short-templdyment and good market penetration
levels. The recognition of the driver state woatghrove FCW alert timing, ranging from low
complexity to identify the location of driver faf@cing forward or sideways), medium
complexity to track the eyes of the driver, to hagimplexity to measure the cognitive load of
the driver. This research could build on currdfares undertaken in the SAVE-IT program.
Another FCW improvement might be using digital irmggocessing of the forward scene to
discern objects that the radar is tracking, whieghtreduce the rates of crash-imminent alerts
due to stationary out-of-path targets.

Vehicle to vehicle communication could improve foevard-looking sensing capability of
FCW for long-term deployment plans (greater thae&rs). This research would build upon
prior work in vehicle safety communications by ash Avoidance Metrics Partnership, and
would call upon lead vehicles to transmit informatabout their state to following vehicles,
given wider deployment of FCW in the vehicle fledte transmission of relevant information
about the lead vehicle such as its dynamic staeged in traffic, moving at constant speed,
decelerating, or accelerating), brake initiatiamj &alue of its acceleration/deceleration might
improve the timing of crash-imminent alerts, theducing the rates of “too late” alerts
(increasing crash prevention potential) as weft@s early” alerts (decreasing nuisance alert
rate). It should be noted that this current ACASneates the value of lead vehicle
acceleration/deceleration in support of the timafgprithm. Proceeding with such system
improvement activity might depend on significantrked penetration rates of FCW in the
vehicle fleet during the next five to 10 years.

FOT Design

Future FOTs of crash avoidance systems shoulduevad many subjects as possible given the
limited number of instrumented or equipped vehieled FOT duration. The use of more
subjects (greater than 66 participants) might imerihe estimates of distributions for the
different measures of performance and might inerexposure to the various driving conditions.
Given the scope of this type of FOTSs, using 12Qexib would be feasible if each subject had an
instrumented vehicle for a test period of threeksethe FOT scope would then amount to 360
car-weeks. This scope is less than the ACAS F@Ttttaled 369 car-weeks from testing the
three versions of ACAS algorithms. The three-wissk period might be sufficient based on the
conflict exposure results of the ACAS FOT, using tlefined measures of low-and high-
intensity conflict and near-crashes adopted ingli@uation. One week would be dedicated to
baseline data collection and two weeks would becated to driving with enabled crash
countermeasure systems. One week with the systabiesl would be devoted to subjects
becoming familiar with the system. To limit thepeximentation and learning period of the
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system to less than one week, it is recommendedtigects be trained for a time period
slightly longer than in the ACAS FOT (extended tiwdour hours of driving accompanied by a
researcher). Driver performance with the systeraldvbe observed in the second week of the
system-enabled period. The analysis would therpemendriver performance without the system
in the first baseline week to driver performancéhwine system in the third week. In contrast,
increased exposure (e.g., having some FOT sulggptrience the system for a prolonged
period of time, such as six to eight weeks) wolvs to increase the number of close calls and
raise the likelihood of the driver experiencing-ash-imminent alert perceived as “highly
valuable”. This alternative would significantlyatease the number of FOT subject<lQ)

given the scope of this type of FOTSs, unless meseurces were dedicated to expanding the
FOT. Moreover, it is uncertain whether the proleti@xposure time<(8 weeks) would result in
more close calls.

Based on driving exposure results of the ACAS Foiure FOT subject recruits should be high-
mileage drivers since the test period is relatigflgrt given the cost of instrumented vehicles.
The more mileage accumulated the more exposureviogl conflicts, which affects the analysis
of safety impact. This recommendation, howevenldoeduce the generalizability of the
findings since it would exclude a portion of thaexgeal public who drive less mileage, such as
the older population. This trade off should beHar examined. To ensure that they accumulate
as much mileage as possible, subjects should tieettaand pulled out of the FOT if they do not
use the equipped vehicle, realizing that this actvould add a cost to the logistics of running the
FOT. Subjects should remain in the three age groggresenting the younger driver between 20
and 30 years old, the middle-age drivers betweesrdi(60 years old, and the older between 60
and 70 years old. It would also be helpful to uedfFOT subjects who usually have travel
patterns under driving conditions that are targétethe crash countermeasure systems. For
instance, rear-end crash countermeasures addmedisi@as of moderate to heavy traffic and
more following vehicle situations while on the atlhand, lane departure warning systems target
drivers who are most likely tired (nighttime comaiits) or inattentive on long trips typically with

a low level of traffic. In addition, subjects “a@sk” should be recruited based on information
derived from crash data or studies about drivetsgiier involvement in crashes targeted by the
countermeasures (e.g., younger drivers with maaffidrviolations).

Crash countermeasure functions dealing with sinoijexamic scenarios should be treated in
separate vehicles in the FOT if the objectiveefROT were to evaluate each function
individually. It was difficult to isolate the effés of ACC from FCW in the ACAS FOT since
these two functions were integrated by design.

Additional tests are recommended to supplemendaie collected from the FOT. Due to the
limitations of data used in the analysis of safeygefits, a test track or driving simulator
experiment to gauge the response of subjects ereeviving conflicts or near-crashes with and
without assistance by the crash countermeasurekiWwewneeded. This type of experiment
would generate data about the swiftness of reaatnohintensity of response to these severe
events, which feed into the safety benefits estomagquation. This was a weakness in the
ACAS FOT as subjects rarely encountered eventswdre nature under similar initial
conditions. This experiment could be a part ofdbsign and development cycle to improve
system performance. To avoid a false start oFtb& that led subsequently to three phases of
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testing in the ACAS FOT, it is recommended thatnals FOT be conducted with few subjects
prior to the regular FOT in a similar test periodry out all the data collection instruments and
logistics, a dress rehearsal for the FOT. In amldithe independent evaluation should plan on a
longer duration of the system characterizationttesbllect data under different driving
conditions (i.e., in rain or snow or different frafconditions).

The analysis of unintended consequences in this\wé&sllimited to short-term exposure with
the system. Short-term test periods (few weeks)adgield comprehensive information on
driver adaptation with the system, thus risk conspéion behavior would not be easy to detect.
Results of the safety assessment don’t conveyymay the long-term, positive, or negative,
safety effects of ACAS. Perhaps few FOT subjeotddbe selected to drive a test vehicle for a
longer time period to assess long-term effectystiesn use. Longer exposure periods (months
or years) could be accommodated if the subjectsi w@hicles were equipped with less
expensive crash countermeasure and data acquisysbems, which would of course yield
better data to examine driver adaptation and palesdfety benefits. A higher degree of system
acceptance might be achieved if drivers were abéxperience the full capability of the crash
countermeasure system in a near-crash event. ohhadceptance rate of FCW was due perhaps
to many subjects not experiencing true alerts matdobus or imminent rear-end crash events
during the ACAS FOT. Longer exposure (months-yeaith the system might improve the
acceptance of FCW.

FOT subjects quickly became familiar with the opieraof a new vehicle (2002 Buick LeSabre
in the ACAS FOT) based on the number of conflicta@ar-crashes encountered per distance
traveled. However, a past study indicates thaedsi might learn quickly to operate a new
vehicle in normal driving situations but might tdkager to appreciate its capability in intense
evasive maneuvers. Thus, it is recommended thgecis experience heavy braking or steering
maneuvers during the training stage of the FOTetmne acclimated to the new vehicle.

To gain a better understanding of the potentiatgdienefits that can be accrued from ACAS
use, it is recommended that the FCW threat assessigorithm be applied to real-world rear-
end crashes already recorded in a naturalistiendyistudy. The ACAS issues crash-imminent
alerts that were sometimes deemed “too late” by B@ijects. This is done by design to
minimize the rate of nuisance alerts. The appbcabf the algorithm to rear-end crash data
would help estimate how many of these rear-enchesathe ACAS may have prevented.

FOT Data Analysis

Based on the results of data analysis to assesatiy impact of ACAS, it is recommended that
improved filtering processes be applied to iderdifiying conflicts and near-crashes, and filter
out low risk conflicts. The analysis of the ACA®TF numerical data limited the conflict
duration to at least one second to capture meanidgiing events of the host vehicle closing in
on a lead vehicle. Perhaps a longer minimum duratiould have filtered out events in which
the lead vehicle was cutting in or out of the hadticle’s path. Moreover, counting a driving
conflict in the ACAS FOT once the peak deceleratiarpassed the 0.1g threshold resulted in
many driving conflicts and near-crashes where theedresponded with very low average
braking levels. An additional filter might assigrtertain time duration in which the peak
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deceleration must remain over 0.1g. Low-risk dotdglwith very low deceleration levels dilute
the response with and without ACAS assistance, lwaftects the comparison between the
baseline and treatment conditions. In additioaluding too many conflicts of low-risk nature
adds to the complexity of the analysis.

Visual filtering steps could also be used to filbeit low-risk conflicts from numerical FOT data,
which would add more labor effort to sort conflicigt. In addition, continuous recording of the
forward scene would be needed at higher frame odtasleast 2 Hz or 2 images per second
instead of 1 image per second in the ACAS FOT f(dtien triggered events); this would add to
the amount of stored data. Finally, this evaluatised Monte Carlo simulations to estimate the
probability of a crash given an encounter with eciic driving conflict. Use of direct
mathematical techniques to estimate the probatufiy crash is recommended, such as the
application of crash prevention boundary techniguestatistical distributions from extreme
value theory.
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1. INTRODUCTION

1.1 BACKGROUND

This report presents the results of an indepenelaaitation of the Automotive Collision
Avoidance System. The ACAS integrates Forwardi€ioh Warning and Adaptive Cruise
Control functions for light vehicles (e.g., passencars, vans, minivans, sport utility vehicles,
and light trucks). The FCW detects, assessesalents the driver of a potential hazard in the
forward region of the vehicle. The ACC providesomoatic brake and throttle actuation in order
to maintain speed and longitudinal headway contféirough the integration of these two
functions, theACAS is intended to improve automotive safety bsistgg drivers to avoid rear-
end crashes. To accomplish this goal, the ACAStimlss prove useful and acceptable to
drivers.

NHTSA explores new automotive technologies to lalpieve its mission of saving lives,
preventing injuries, and reducing health care ahdrceconomic costs associated with motor
vehicle crashes. As part of this research effditT SA entered into a two-phased cooperative
agreement, signed in June 1999 with General M@&orgporation to develop and test ACAS
(Colgin, 1999).

In the first phase, GM developed ACAS in partngyshith Delphi Electronics and Safety,
Delphi Chassis Systems, and Hughes Research LabporddHTSA, GM, DES, and DCS each
supported the project by providing funds. GM arelS)formerly Delphi-Delco Electronics
Systems) were the founding members of the Autorad@ivllision Avoidance System
Development Consortium that completed a cooperativeement with NHTSA and the Defense
Advanced Research Projects Agency in 1998 as p#red echnology Reinvestment Project
(Intelligent Transportation Systems Joint Prografinc®, 2000) (Delphi-Delco Electronic
Systems, 2000). The goals of that initial develepheffort were to accelerate the deployment
of near-term crash warning systems, to advancdeiielopment of promising but immature
enabling technologies, and to reduce manufactwisgs of key system components.

The second phase of the cooperative agreement &retMid TSA and GM involved an extensive
field operational test of 10 GM-built passengeriekds equipped with ACAS. The University

of Michigan Transportation Research Institute, urwmmtract to GM, provided extensive support
in the development and conduct of the FOT. The ST was conducted between March
2003 and November 2004. UMTRI, under a previousemgent with NHTSA, conducted a
similar FOT of the Intelligent Cruise Control syst¢hat ended in 1998 (Fancher et al., 1998).
The ICC is similar to ACC except speed controldkiaved via throttle modulation and
downshift, without the use of automatic brakingheTVolpe National Transportation Systems
Center of the U.S. DOT’s Research and Innovativehiielogy Administration, under agreement
with NHTSA, provided an independent evaluation@tland prepared a final evaluation report
that assessed the safety impact, performance,ssrchaceptance of such a system (Koziol et al.,
1999). The Volpe Center, again under agreemeht MHTSA, has performed a similar
independent evaluation of ACAS, taking full advaetaf the knowledge and expertise gained in
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the prior ICC evaluation. This report documentsrisults of the Volpe Center’s independent
evaluation of ACAS.

1.2 FIELD OPERATIONAL TEST OVERVIEW

Generally, an FOT and an evaluation are conduatéatd a system is deployed to project or
confirm that the system will have, or has achietkd,required operational capabilities and
characteristics when placed in service (Stever3; Hd Reynolds, 1996). The FOT and
evaluation are normally conducted in the intendeerational environment, under realistic
operating conditions on a production-representaygtem by typical users. The FOT and
evaluation measure the acceptability to the usepaoject potential impacts on safety, mobility,
and the environment.

The ACAS FOT was conducted by UMTRI on 10 vehid¢tesn March 2003 to November 2004
(University of Michigan Transportation Researchitnge and General Motors, 2005). The FOT
took place primarily in Michigaralthough some driving extended beyond this rafges

original FOT plan specified a total of 78 driveosgarticipate in the FOT. Early results from the
FOT, however, required some modification to the R@Torrect for deficiencies in ACAS.
Drivers of the initial system expressed an unaai@ptlevel of dissatisfaction with the number
of false alarms or “nuisance alerts” produced lgysystem. To improve performance of the
system, the original Algorithm A was replaced witlo subsequent revisions, Algorithm B and
Algorithm C. A total of 30 drivers were involvedtivtesting Algorithms A and B before the
final Algorithm C was implemented. Algorithm C wisted using a total of 66 drivers. Thus, a
total of 96 subjects were eventually employed snFOT to test the three versions of the
warning algorithm. The independent evaluationaisdal on Algorithm C since it represents the
final, improved ACAS.

The FOT subject pool included three age groupsngeu middle-age, and older) with equal
numbers of male and female drivers. Table 1-1 shine breakdown of subjects according to
their age and gender.

Table 1-1. FOT Subject Pool

Subjects
Younger (20-30) | Middle-Age (40-50) | Older (60-70) szﬁfé‘lts
Male Female | Male Female Male| Femalg
11 11 11 11 11 11 66

Each of the 66 FOT subjects drove the ACAS-equipgdticle (host vehicle) as their personal
cars for a test period of four weeks, unsupervasatiunrestricted. For each subject, the first
week of driving was dedicated to collecting baselilniving data, i.e withoutthe assistance of
the ACAS (system not available). In the first wele®T subjects drove with manual control and
also had the option of using conventional cruisgrd (CCC). During the next three weeks,
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driving was performedvith the assistance of the ACAS. During that periothjexts drove the
FOT vehicles with either manual control or manuaitcol augmented with the FCW function,
and they also had the option of engaging ACChdiugd be noted that drivers could not turn off
the FCW function during the FOT. Prior to startthg test, FOT participants were introduced to
the ACAS-equipped vehicle as well as the FCW andAdhctions and controls via a 17-minute
training video. The participants were then givdraads-on overview of the vehicle and ACAS.
The driver vehicle interface was demonstrated flardfeach participant the opportunity to
observe the FCW warning icons and ACAS-state messhgfore experiencing them in real
traffic. Afterwards, a researcher from UMTRI acqmanied the participant on a 20-minute test
drive and included both local roads and expresswaydrivers were exposed to the FCW as well
as being able to engage the ACC on the expressway.

Drivers’ experiences were captured by means ofctibge data collected by the on-board data
acquisition system and subjective data obtaineu fpost-FOT surveys as well as focus groups.
The DAS collected and stored objective numericéh,dadeo clips, and audio recordings.
Numerical data were continuously gathered fromotarisensors at a 0.1 seconds time interval
when the FOT vehicle was in use. A microphoneuwapkaudio recordings to recover the
driver's immediate reaction to a warning or thekldtwereof if the driver manually turned on the
microphone. Crash imminent alerts issued by th&8@iggered the recording of 10-Hz 8-
second video clips (from five seconds prior todhest to three seconds after) showing the
forward scene of the host vehicle and the facésalniver. Exposure video was also recorded to
capture one snapshot of the forward scene eveondeand 4-second 5-Hz video of the driver
face at five-minute intervals.

In addition to the FOT, additional data were cdblecfrom the system verification test as
discussed in Section 3, System Capability.

1.3 AUTOMOTIVE REAR-END CRASH AVOIDANCE SYSTEM

The ACAS consists of both FCW and ACC functionisTsection provides an overview of the
characteristics and functions of these two systisaisare most significant to the ACAS
evaluation (see

Table 1-2). The reader is referred to the finalA8J-OT program report for a more
comprehensive description of the ACAS (General Muta005). A suite of sensors supports the
functions of the two systems and comprises a coatioim of vehicle original equipment
manufacturer (OEM) sensors with forward-lookingaigdorward-looking camera, differential
global positioning system (DGPS) with map matcherg) a yaw-rate sensor. Table 1-3
provides a list of the OEM vehicle sensors, swisclaad controls. The radar measures range,
range-rate, and azimuth angle to a maximum of dfeta from 1 to 150 meters (3 to 492 feet)
with a sampling frequency of 10 Hz. The maximumizental field of view of the radar is 15
with an azimuth angle accuracy of 9.&zimuth discrimination (between two targets thageat
the same speed) i$,2and the vertical beam width is 4.1The GPS/map and forward-looking
camera systems determine the lane geometry ahdhd AICAS vehicle from 15to 75 m (49 to
246 ft). In general, the GPS/map is relied upardonger-range shape, while the camera lane
tracker is used for shorter-range details suctoas\vehicle heading and lateral position within
the lane and the local curvature. The system ptesésual information to the driver by means
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of a color head-up display. The HUD projects aagmon the windshield, which subtends a
visual angle of 1.5vertical and 3.Dhorizontal. The apparent size of the image is@pmately
3"x5” at the instrument panel or windshield; howeviee, virtual image appears at the front
bumper and looks much larger.

1.3.1 Forward Collision Warning Function

The FCW function provides visual cautionary alevten following within a driver-adjustable
headway time, when following very closely (tailgefj, or when approaching a vehicle too
rapidly (closing). Cautionary alerts are presemntsdally to the driver in a graded scale by
vehicle icons on the HUD. For closing situatioR€W issues a final imminent alert that
consists of both a flashing visual display (HUDY@&am auditory warning (vehicle speaker). In
contrast to cautionary alerts, the timing of theniment alert is not adjustable by the driver.
These alerts assist drivers in avoiding or redutinegseverity of rear-end crashes. FCW is
enabled when the vehicle ignition is turned on, eaxthot be disabled by the driver. This
function does not activate until the speed of thst ehicle exceeds 25 mph (40 km/h) and will
remain active until the vehicle slows to below 20{32 km/h). The range of the warning
function is set to a maximum of 100 m (328 ft) amtimited on curves with a radius of

curvature below 500 meters (1,640 feet). The diwam adjust the sensitivity of the visual
cautionary alerts with a six-setting sensitivityustiment control. The factors that determine
when to issue a crash-imminent alert include, lotifimited to, range and range rate between the
host and lead vehicles, host vehicle speed, lehdleeacceleration, and host vehicle brake pedal
press. The HUD provides a graded visual displayiiflects the degree of the closing gap
between the host vehicle and the lead vehicle basede FCW sensitivity setting. The most
sensitive setting of FCW produces the most cautjoalkerts because FCW responds to the host
vehicle closing in on obstacles ahead at farth&tadces with lower range rates.

1.3.2 Adaptive Cruise Control Function

The ACC function maintains both a selected crupeed (speed control mode) when there is no
lead vehicle limiting its forward motion, and aesgbd headwagheadway control mode) with a
lead vehicle that is traveling slower than the cel@ cruise speed. The driver is provided with
the following ACC control switches:

- Cruise on-off

- Set/coast (decrease set speed in 1-mph steps)

- Resume/accelerate (increase set speed in 1-rap$) st
- Gap up (1-2 seconds in 0.2-second increments)

- Gap down (1-2 seconds in 0.2-second increments)

The headway adjustment control consists of sixrdiscsteps that vary from a minimum of one
to a maximum of two seconds. This same contral s¢gs the desired cautionary alert timing of
the FCW function when ACC is not engaged. The A€€éngaged by the driver and becomes
active when the speed of the host vehicle excegash. At first ACC engagement at the start
of the second week, the initial headway settirggisto the maximum value. In headway control
mode, the ACC can slow the host vehicle by thra@gtplication or brake to pace a lead vehicle
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Table 1-2. Characteristics of ACAS

Rear-End Crash Warning (FCW) Adaptive Cruise Control (ACC)
FCW provides drivers of the ACAS vehicle| ACC maintains both aelectectruise speedvhen there is no
with alerts and advisory displays that assist lead vehicle limiting its forward motion andsalected

Functions them in avoiding or reducing the.sevefity of headwaywith a lead vehicle that is traveling slower thha t

crashes between the front of their vehicle ansklected cruise speed.

the rear of a lead moving or stationary

vehicle (rear-end crashes).

e FCW: s in "enable" mode when vehicle «  ACC has a speed control mode and a headway control
ignition is turned on. mode when active above 25 mph.

< FCW turns ON when host vehicle speed  ACC in headway control can slow the host vehicle to
exceeds 25 mph and turns OFF when the pace a lead vehicle moving slower than the setdspee
speed falls below 20 mph. Once vehicle speed is below 20 mph, the driveleiged

»  Driver can't disable FCW. to take manual control of the vehicle.

e Other conditions controlling FCW *  ACC accelerates the host vehicle when the driver
"enable" and "disable" modes are specified manually accelerates above 25 mph and initiates the

Modes by system designers. resume functiowr theset speed function

* Range of warning function is 100 m. | «  ACC does not respond to stopped vehicles ahead by

* FCWincorporates a head-up display |  automatically applying the brakes — unless thepsdp
that shows the headway-following distante yenicle was at one time being tracked as a movirtcle.
in terms of vehicle icons on the windshield,  \yhen ACC active, warning algorithm takes into actol
to help drivers maintain driver-preferred | 6 praking that ACC can provide (maximum brakingi3
headways. g). Animminent alert is issued if ACC maximum kiray

of 0.3¢g level is reached.

«  Driver can adjust FCW sensitivity e Standard cruise controls and a headway selectidnhsw
(cautionary alert range) using the same | «  Six headway settings from 1.0 sec to 2.0 sec irs82
ACC headway setting control. increments.

Controls | ©  Priver can_notdjust the timing of the | «  ACC may be over-throttled by the accelerator pedal.
crash-imminent alert (contrary to +  ACC goes testandbymode by manual braking.
cautionary alerts)

e Driver cannot disable system with the
sensitivity adjustment control.
Color Head-Up Display (HUD)
e Crash warning displayprovides * ACC on-off
cautionary visual and crash-imminent +  Setspeed
visual and auditory alerts. «  Current speed
. Following distance displayprovides a | » Gap setting

DiSplayS visual indicator that supports the driver in « ACC Operationana”ed message
maintaining a Safe distance beh|nd Iead . Tracking/not tracking a |ead Vehic|e
vehicles.

* FCW Operational/Failed message
«  Beyond operational conditions message
e Cautionary alert sensitivity setting
* Radar (tracks up to 15 targets from a range 0£30-m)
e Forward-looking camera
Sensors | « Differential GPS and map-matching
*  Yaw-rate
*  Vehicle OEM sensors

moving slower than the set speed. Once vehicledsfadls below 20 mph, the driver is alerted
to take manual control of the vehicle. The ACCdoet respond to stopped vehicles ahead —
unless the stopped vehicle was initially beingkeacas a moving vehicle. The maximum
automatic braking capability of the ACC is limitexl0.3g (2.9 mA). The brake lights of the



host vehicle turn on when vehicle brakes are autically applied. The ACC goes into a
standby mode when the brakes are manually appliee. ACC automatically accelerates the
host vehicle when the driver manually accelerabes@ 25 mph and initiates the resume
function or the set speed function. The ACC fumtissues an imminent warning if the
maximum automatic braking of 0.3g level is reach#¢hen ACC is engaged, the driver does
not receive visual cautionary alerts.

Table 1-3. OEM Vehicle Sensors, Switches, and Caals

Brake pedal switch - Windshield wiper setting
Extended brake switch - Road surface roughness
Brake pressure - Compass heading
Lateral acceleration - Rain

Steering wheel angle - Outside temperature
Yaw rate - HVAC controls

Wheel speeds - Audio controls

Throttle position - Headlight switch position
Turn signal status - PRNDL

1.4 INDEPENDENT EVALUATION

The Volpe Center conducted the independent evaluafithe ACAS based on data collected
from the FOT and from an independent system cheniaation test. The independent evaluation
had the following three major goals:

1. Characterize ACAS performance and capability.
2. Achieve a detailed understanding of ACAS salfetyefits.
3. Determine driver acceptance of ACAS.

The independent evaluation sought to address these goals to support the decision process in
the deployment of crash avoidance systems. Thed&Dé&rated objective data gathered by on-
board data acquisition systems and subjectiveatztaned from test subject interviews, surveys,
and focus group sessions. The system characterizast acquired data on the performance of
ACAS sensors from controlled, predetermined on-roades. Next, the goals and concomitant
objectives of the independent evaluation are datege This is followed by a description of the
numerical data processing, data analysis toolsaaatysis databases.

1.4.1 Evaluation Goals and Objectives

1.4.1.1 System Capability

The system capability goal addresses ACAS perfocmbéiy examining its individual
components including the sensor suite (objectivalg)t logic (objective 2), ACC controls
(objective 3), and driver-vehicle interface (objeet4). The sensor suite objective focuses on
the ability of the forward-looking sensing componendifferentiate in-path and out-of-path
targets, and to maintain in-path target trackindomking at intermittent and lost targets. The
alert logic objective assesses the efficacy of AGA®arn the driver of driving conflicts that
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may lead to rear-end crashes, and determines thanue level from alerts triggered by out-of-
path targets and warnings considered unnecess&@mbysubjects. The analysis of the sensor
suite and alert logic objectives was based onrttvidual examination of video episodes
triggered by the crash-imminent alert, charactéonaest data, and FOT surveys. The ACC
controls objective concentrates on the ability @@to maintain set headways and to perform
vehicle acceleration and deceleration under dynaomditions, using data from the system
characterization test and FOT surveys. The dnrediicle interface objective looks into the
visibility, audibility, and readability of the ditgys as experienced by the FOT subjects based
exclusively on survey data.

1.4.1.2 Safety Benefits

The safety benefits goal assesses the safety irnpACAS in three areas using FOT objective
data: driving conflicts (objective 1), severe neashes (objective 2), and unintended
consequences (objective 3). The driving conflatigective examines both the exposure and
response of FOT subjects to the most common sasnl@ading to rear-end crashes, which
involve the host vehicle closing in on a lead vihaither stopped, moving at slower constant
speed, decelerating, or accelerating. This objedstimates ACAS effectiveness in reducing
driver exposure to driving conflicts under diffetelniving conditions including ambient light,
weather, road type, traffic state, and travel spdedaddition, ACAS effectiveness in reducing
the probability of a rear-end crash is also eswahdtased on Monte Carlo simulations for each of
the common pre-crash scenarios, using represen@dita of the initiation and intensity of driver
response to these driving conflicts. The seveag-omsh objective examines driver exposure
and response to severe near-crashes with and withmassistance of ACAS, based on
numerical data and video episodes triggered byhaéraminent alerts. The unintended
conseqguences objective explores whether or not A@AfBt have an impact on safety either in
a positive or negative manner by examining increéasattention by FOT subjects (distraction or
eyes-off-the-road) using video episodes, and changermal driving performance using
numerical data of time headway, vehicle lane pmsjtand travel speed with and without ACAS.

1.4.1.3 Driver Acceptance

The driver acceptance goal addresses the follofiwegbjectives based on survey and
numerical data: ease of use, ease of learningepert value, advocacy, and driving
performance. The ease of use objective examinethwhdrivers find FCW and ACC easy to
use in a variety of driving conditions. The eakkarning objective examines whether drivers
are able to learn, in a timely and effective manaesough about ACAS functions to accept the
system. The perceived value objective exploreshenarivers perceive that using FCW and
ACC increase their safety and/or driving skillsheTadvocacy objective looks at whether
sustained exposure to and use of FCW and ACC sasullrivers’ interest in acquiring and/or
endorsing FCW and ACC. The driving performancescotiye examines whether FCW and ACC
use leads to lasting changes in driving behavior.

1.4.2 Data Processing

The FOT generated a massive amount of objectiwa tiztaling about 120 GB of numerical data
and 230 GB of video data. The identification oé&fic driving scenarios and assignment of
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concomitant safety hazard levels from this huge dat poses an immense challenge. Figure 1-1
illustrates the framework that was used to proeesksanalyze the FOT data (Najm et al.,
December 2003). This framework consists of fodadiaansition steps that transform the raw
data into aggregated data of significant confliad aear-crash events so as to facilitate data
guery and analysis. The first step employs nurakdata processing algorithms to smooth and
parse raw FOT data of naturalistic driving into {agk, conflict, and near-crash events. The
second step identifies significant epochs in th&let and near-crash events from parsed data
by using a multi-media data analysis tool. Thedtstep codes significant conflict and near-
crash events into discrete variable database.labhstep queries the database using SQL or
SAS programs to aggregate data from conflict araa-neash events in a manner that facilitates
finding answers to the evaluation questions.

Figure 1-2 provides the block diagram of the predbat implements the first transition step of
the data processing framework. The circular bloeksr to the input data that were drawn from
the radar (target or lead vehicle information)yeéhicle sensors, and the geographical
information system (GIS) database. The rectandutanks point to the algorithms and their
respective data summary tables that were creattdaated to the independent evaluation
database. The dotted boundary lines of the reatanglocks refer to tables containing 10-Hz
numerical data, while the solid boundary lines espnt tables with transitional data. The
contents of each of these tables are describeavbelo

— Host vehicle maneuvegoing straight, negotiating a curve, turning, ahdnging lanes.

— Host vehicle statestopped, constant speed, decelerating, and aatete

— Driving state none, following, closing, and separating (betwkest and lead vehicles).

— Lead vehicle statenone, stopped, constant speed, deceleratinga@serating.

— Lead vehicle categorgame as lead vehicle state, but in transitioorahét.

— Lead vehicle evensame as lead vehicle category, except that dyisiate is closing.

— Driver/vehicle responsenone, slowdown, slowdown and lane change, slowdamd turn,
brake, brake and lane change, brake and turn, @kiebautobrake and lane change,
autobrake and turn, lane change, and turn.

In addition to the tables listed above, the follegviransitional tables were created to identify the
driving environment and driving mode of the hosticke:

— Ambient light light and dark.

— Weather clear, rain, and snow.

— Road typefreeway and non-freeway.

— Traffic or level of servicdow, moderate, and heavy.

1.4.3 Data Analysis Tools

To support the independent evaluation, the Volpet&eleveloped the following data analysis
tools:

— Computer Simulation - Monte Carlo models are usegktimate the ability of ACAS to
prevent rear-end crashes, given that a rear-enftictdras occurred.
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GPS/GIS Location Algorithm — This algorithm geodragally locates the FOT vehicles
during testing so as to identify characteristicthef roadways they are driving on.
Traffic State Identification Algorithm - This algtrm identifies the state of traffic in
terms of the level of service on roadways thathth&t vehicles are driving on during the

FOT.

Multimedia Analysis Software - A software prograrasrdeveloped to integrate
numerical data with video clips in order to analgkert-triggered episodes captured
during the FOT. Figure 1-3 provides a snapshth®imulti-media data analysis tool that
was developed to analyze video data in suppofietiata processing framework. This
tool synchronizes two sets of video (forward scame driver face) and two sets of
numerical data (in-vehicle sensors and radar). ildew was also created in the middle
of the screen to simulate the HUD and warning icaviereover, a data logger was built
in Access for the analysts to record their obs@aat This tool was exclusively
employed to analyze all 10-Hz video episodes trigddy crash-imminent alerts. This
activity resulted in the formation of the episoddalbase described below.

Databases - A main FOT database was built and aiaét to store and manage the data
collected from the FOT and additional evaluatistde The data consist of objective data
(e.g., numerical and video data) as well as subgdata (e.g., surveys). The data
processing of the 350 GB FOT database also produfed summary databases that
were queried to address the goals and objectivdgeahdependent evaluation. These
include:

(0]

Conflicts-Brakedatabase of driving conflicts and near-crashescaésted with
brake-only driver/vehicle response. It encompadsés on driver, trip, driving
mode, conflict type and intensity level, FCW sdugit and ACC gap settings, road
type, ambient light, weather, traffic, host vehisfeeed and acceleration, response
data such as initiation time and intensity, minimtimme-to-collision and minimum
deceleration during the event, and kinematic dath &s range, range rate, lead
vehicle deceleration, and time-to-collision.

Conflicts-Steedatabase similar to the conflicts-brake databbegeg except events
associated with steering and steering-braking resgoare included.

ACAS Settinglatabase on distance traveled with each settidgetting changes in
driving modes, road type, and traffic states.

HUD database on HUD brightness and position conttthgechanges in driving
modes, road type, ambient light, and weather cranmdit

Performancedatabase on time headway, speed ratio (vehickdégeeed limit),

and lane position of host vehicle in cruise moddriging modes, road type, and
traffic states.

Episodedatabase from alert video episodes consistingmtia range of variables
about the conditions of the driver, traffic, envineent, and alerts.
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2. ACAS EXPOSURE

2.1 INTRODUCTION

An important element of the evaluation is an exatiam of driver exposure to key factors that
might influence safety performance and user acoeptaf ACAS. The exposure assessment
determines where and under what conditions paantgof the FOT used the ACAS-equipped
vehicles, both when ACAS was disabled (week 1)when it was enabled (weeks 2, 3, and 4).
These exposure results will provide a detailed migtson of the FOT driving environment that
will assist in the interpretation of safety andruseceptance results. Furthermore, these results
will help in determining if:

- the quantity of data describing exposure to leeydrs is sufficient for valid analysis,

- exposure to key factors is sufficiently repreaéiie between data sets (e.g., driving with
and without ACAS) so that valid comparisons betwenaise sets can be made, and

- differences in exposure to key factors are afffigatesults rather than ACAS itself.

The key exposure factors analyzed include thevioilg (more detailed definitions of these
factors will be provided in the subsections below):

- Road Type: Freeways and non-freeways

- ACAS Status: ACAS-Disabled and ACAS-Enabled

- Driving Mode: Manual 1 and CCC during the ACASaliled test period and Manual 2,
FCW, and ACC during the ACAS-enabled test period

- Driver Age: Younger, middle age, and older

- Driver Gender: Female and male

- Weather: Clear and adverse

- Ambient Light: Light and dark

- Traffic Level: Low, moderate, and heavy

- Vehicle Speed: Less than 25 mph (40 km/h), 25 to@b mph (56 km/h), and greater
than or equal to 35 mph

- ACAS Usage Patterns: Level of ACC Use, FCW SaiitSettings, and ACC Gap
Settings

It should be noted that the “ACAS Status” factders to whether ACAS is enabled or disabled,
whereas the “Driving Mode” factor points to the gifie driving status selected within ACAS-
Disabled (i.e., Manual 1 or CCC) or ACAS-Enabled.(iIFCW, ACC, or Manual 2). The
exposure results presented below are based ormata®btained from 66 subjects (numbers 31
through 96) who were assigned to ACAS Algorithmebieles during the FOT.
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2.2 EXPOSURE BY ACAS STATUS, DRIVING MODE, AND VEHICLE SPEED

The FOT subjects drove a total of about 163,00@lknng the FOT. Due to data collection
problems, some of the data acquired for this ditthnce traveled were not valid for purposes of
the evaluation. Two of the main reasons for irdvdita were failure of the DAS to collect data
for one entire trip and the “frozen” sensor phenoameduring part of a trip. Thus, the analysis
was conducted on data collected only for trips Werte classified as “valid.” A trip starts with
vehicle ignition turned on and ends with ignitiamrted off. In a few trips, the DAS failed to

boot up and record data for the whole trip. Dusoge trips, recorded values of some sensor
parameters were frozen (not updated) for a brigbgeof time.

Based on valid trip data, FOT subjects drove d tftabout 158,000 Km, which represents
about 97 percent of the vehicle distance traveleaiT() for the entire FOT. The ACAS-Disabled
test period covers all driving during the first e the FOT when the ACAS system was not
available to the driver. The ACAS-Enabled tesiqeecovers all driving during the second,
third, and fourth weeks of the FOT when the ACAStemn was available to the driver. The
distribution of VDT is about 36,000 km (23%) foetACAS-Disabled test period and 122,000
km (77%) for the ACAS-Enabled test period. Thus)sidering that the duration of the ACAS-
Enabled test period is three times that of the AdASabled test period, the level of driving
(VDT per week) during the two test periods is altrexpuivalent.

The number of valid trips made by FOT participamés 1,965 and 6,155 trips for the ACAS-
Disabled and ACAS-Enabled test periods, respegtivEhe average distance of these trips was
18.4 km and 19.8 km respectively for the ACAS-Dledland ACAS-Enabled test periods. The
average trip frequency (trips/week) and the avedigfance of these trips are equivalent
between these two test periods.

The distribution of VDT among the driving mode®ipressed below both as distance (rounded
to the nearest 1,000) and percent of total FOTnitrs driven:

— Manual 1: 29,000 km or 18 percent of total VDT
— CCC: 7,000 km or 5 percent of total VDT

— Manual 2: 13,000 km or 8 percent of total VDT
- FCW: 64,000 km or 41 percent of total VDT

— ACC: 44,000 km or 28 percent of total VDT

Manual 1 includes “manual” driving during the ACABsabled test period when CCC was not
being used. CCC driving mode encompasses all G@g@gement during the ACAS-Disabled
test period. On the other hand, Manual 2 includasual driving during the ACAS-Enabled test
period when FCW function was not available and A€4€3 not engaged. FCW driving mode
includes all driving during the ACAS-Enabled testipd when FCW function was active and
ACC was not engaged. It should be noted that FGWetfon becomes active when host vehicle
speed reaches 25 mph (40 km/h) and becomes inadtiee host vehicle speed falls below 20
mph (32 km/h). Moreover, FCW is suspended duriradibng by the host vehicle. ACC driving
mode comprises all distances traveled during thA®«Enabled test period when ACC was
engaged.
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Figure 2-1 shows the distribution of VDT by drivingpde for the ACAS-Disabled and ACAS-
Enabled test periods separately. In comparingethes periods, it should be noted that Manual
1 driving is roughly equivalent to the sum of Mah&2and FCW driving since FCW is
involuntarily active for all driving above 25 mpRWithin this context, the two periods are
similar; however, it can be seen that ACC is endagere extensively than CCC in their
respective test periods. Overall, the ACC usatgeisa’6 percent greater than CCC or, stated
differently, ACC is used about 1.8 times more t@&C. By comparison, the usage rate of the
intelligent cruise control (ICC) system that wastéel in the mid 1990’s was about 1.5 times
more than CCC (Fancher et al., 1998) (Koziol et1#199). It is noteworthy that the ICC system
did not possess any automatic braking control aitjhdut maintained a selected distance to the
vehicle ahead using throttle and downshift controls

CCC
21%

Manual 2
11%

Manual 1
79%

ACAS-Disabled ACAS-Enabled

FCW
53%

Figure 2-1. Percent Distance Traveled of Driving Mdes by ACAS Status

Figure 2-2, Figure 2-3, and Figure 2-4 show thé&itistion of VDT by driving mode and

vehicle speed range. These particular speed ramges interest since ACAS function is
dependent on speed and the safety impact analysesgondingly considered these speed
ranges. Below 25 mph (40 km/h), the dominant dguinode is Manual 1 during the ACAS-
Disabled test period and Manual 2 during the ACAfdited test period with the minor
exception that FCW is sometimes active for a spattion of driving between 20 and 25 mph.
Above 35 mph (56 km/h), driving with ACAS-Disabledsplit between Manual 1 (76%) and
CCC (24%). On the other hand, driving with ACAS&bled is split predominately between
FCW (54%) and ACC (42%). A small amount of Man2aise is seen above 35 mph reflecting
brief periods of ACAS suppression. ACC, as welC&C, are engaged almost exclusively at
speeds above 35 mph. For speeds between 25 m@bangh, Manual 1 remains the most used
driving mode during the ACAS-Disabled test peridailera mix of Manual 2 (26%) and FCW
(73%) driving modes dominates the distance travelethg the ACAS-Enabled test period.
Overall, about 84 percent and 87 percent of all V\B3pectively during the ACAS-Disabled and
ACAS-Enabled test periods were accumulated at leebeeds greater than or equal to 35 mph.
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Figure 2-2. Distribution of Vehicle Distance Travéed by Driving Mode and Speed Range
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Figure 2-3. Distribution of VDT by ACAS-Disabled Driving Mode and Speed Range
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Figure 2-4. Distribution of VDT by ACAS-Enabled Driving Mode and Speed Range

2.3 EXPOSURE BY ACAS STATUS, DRIVING MODE, AND ROAD TYPE

FOT subjects drove about 85,000 km on freewaysaodt 72,000 km on non-freeways,
accounting respectively for 54 percent and 46 perceoverall VDT during the FOT. Freeways
encompass interstate highways and all other dividadways with posted speed limits of 55
mph (89 km/h) or greater. Non-freeways includeotiiler roadways. The total amount of
distance traveled on each of these two Road Typsgsiilar with slightly more on freeways

During the ACAS-Disabled test period, FOT subjebtsve about 18,000 km on freeways and
17,000 km on non-freeways. On the other hand, E@jects drove 66,000 km on freeways and
54,000 km on non-freeways during the 3-week ACASited test period. As noted above,
considering the duration of the two test periolds,level of driving (VDT/week) is similar for

the two periods. Figure 2-5 further shows the Isinty between the two ACAS Status test
periods in terms of percent distance traveled g tgpe. Thus, at this aggregate level of
analysis, differences in road type exposure shoatdnfluence safety or user acceptance results.
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Figure 2-5. Percent Vehicle Distance Traveled by ACAS Statusnd Road Type

Figure 2-6 and Figure 2-7 further describe therithstion of VDT respectively for the ACAS-
Disabled and the ACAS-Enabled driving modes by typd. The breakdown of the distance
traveled in CCC between freeways and non-freewsaggial to that of ACC. CCC and ACC
use is predominately on freeways — 85 percentl ®@T in each control mode. This appears to
be a reflection of the fact that freeways offeragee opportunities for use of CCC or ACC in an
environment of higher speeds and fewer trafficrigsdns. Figure 2-7 shows that the Manual 2
driving mode is used predominately on non-freewalsis is reasonable since Manual 2 driving
primarily occurs at speeds less than 25 mph. F@Whd represents most of the non-ACC
driving at speeds greater than 25 mph and is $fighdre prevalent on non-freeways than
freeways. In comparison with Figure 2-5 for ovefaLAS-Enabled test period (freeway driving
slightly more than non-freeway driving), this FC®éult is reasonable since ACC use will tend
to diminish the use of FCW use on freeways.

Figure 2-8 and Figure 2-9 break down the VDT oevirays and non-freeways by ACAS-
Disabled and ACAS-Enabled driving modes, respelgtiv®nly one third of VDT on freeways
is driven with CCC during the ACAS-Disabled testipé. In contrast, a major portion of
freeway driving (56%) is performed using ACC durthg ACAS-Enabled test period. As for
non-freeway driving, the relative VDT with ACC isite that of CCC. As seen in Figure 2-9,
FCW is active in 66 percent of the non-freeway V&sTopposed to only 42 percent of the
freeway VDT.
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Figure 2-9. Percent VDT (ACAS-Enabled) by Road Type and Mode

2.4 EXPOSURE BY ACAS STATUS, AGE, AND GENDER

This section presents a detailed examination obsuye by the following FOT subject group
categories of age and gender:

- Younger Male, Younger Female

- Middle-Age Male, Middle-Age Female
- Older Male, Older Female

- All Male, All Female

- All Younger, All Middle-Age, All Older
- Al

2-8



Driver Age categories are defined as follows:

- Younger - Drivers between the ages of 20 andez0sy
- Middle-age — Drivers between the ages of 40 dhgéears.
- Older — Drivers between the ages of 60 and 7fsyea

Figure 2-10 displays the distribution of valid VIadr the entire FOT by age and gender
categories. The older male and older female grdupge slightly longer distances than the
younger and middle-age groups; however, all gralipge comparable distances (the maximum
distance group drove only 24 percent further tgnnbinimum distance group).
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Figure 2-10. Total VDT by Age and Gender Categorge

Figure 2-11 presents the distribution of valid VByfACAS Status (ACAS-Disabled or
Enabled) for the various subject group combinatiohise older female group drove the least
distance with ACAS disabled whereas the older gedeip drove the most distance with ACAS
disabled. All groups drove roughly similar distascthus, at this aggregate level of analysis,
differences in overall driving exposure betweenectigroups should not influence safety or
user acceptance results.
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Figure 2-11. Percent VDT by ACAS Status and Age ahGender Categories

Figure 2-12 and Figure 2-13 illustrate the disttidnu of valid VDT by age and gender in the
ACAS-Disabled and ACAS-Enabled test periods, rettpalg. The older male group drove the
most with 22 percent of the ACAS-Disabled VDT wlar¢he older and middle-age female
groups drove the least with 14 percent each. ota VDT with ACAS-Disabled was also
distributed as follows:

- 55 percent by all male group and 45 percent bigalale group, and

- 34 percent by all younger group, 30 percent bynaddle-age group, and 36 percent by
all older group.

Older Female Younger Male
14.1% 17.0%

Older Male Younger Female
22.3% 16.8%
Middle Female Middle Male

14.0% 15.7%

Figure 2-12. Percent VDT with ACAS-Disabled by Agand Gender
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In the ACAS-Enabled test period, the older fematmug drove the most with 20 percent of the
VDT whereas the younger female group drove the ledk 15 percent. This VDT was also
distributed as follows:

- 49 percent by all male group and 51 percent bigalale group, and
- 31 percent by all younger group, 31 percent bynaddle-age group, and 38 percent by
all older group.

Younger Male

Older Female 16.0%

19.9%

Younger Female
15.1%

Older Mal
17.8%

Middle Male

Middle Female 15.6%
15.5%

Figure 2-13. Percent VDT with ACAS-Enabled by Ageind Gender

2.5 EXPOSURE BY DRIVING MODE, AGE, AND GENDER

This section presents a detailed examination obsuye by the 12 age and gender categories to
the different driving modes. Figure 2-14 showsasye, during the ACAS-Disabled test

period, to the driving modes of Manual 1 and CQ®erall, the subjects drove 21 percent of the
ACAS-Disabled VDT with CCC. As the figure showsete are some large differences in the
use of CCC among the groups. The older male gtdooye 43 percent of their VDT using CCC,
the highest rate among the groups. The lowesteusdg was among the middle-age female

group.
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Figure 2-14. Percent VDT for ACAS-Disabled DrivingModes by Age and Gender

Figure 2-15 and Figure 2-16 provide more detailistridutions of valid VDT by age and gender
for Manual 1 and CCC use, respectively. For manaatrol driving, Figure 2-15 shows that the
highest usage rate was among younger males, at 89@ercent. All the groups showed
relatively minor variations in manual control usagée VDT in manual control was also
distributed as follows:

- 52 percent by the all male group and 48 percgiié all female group
- 38 percent by the all younger group, 33 percgribb all middle-age group, and 29
percent by the all older group.

Older Female I
13.2% Younger Male

19.1%

Older Male
15.9%

Younger Female
18.5%

Middle Female
16.1%

Middle Male
17.2%

Figure 2-15. Percent VDT for Manual Control (ACASDisabled) by Age and Gender
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For CCC driving as shown in Figure 2-16, a notaltiservation is that the older male group
drove considerably more in CCC (47% of the VDT )tlaay of the other groups, which is
consistent with the observation above (see Figtiré)2hat older males had the highest
proportion of CCC versus manual control drivinheTVDT in CCC with ACAS-Disabled was
also distributed as follows:

66 percent by the all male group and 34 percetié all female group
19 percent by the all younger group, 16 percgribb all middle-age group, and 65
percent by the all older group.

Older Female Younger Male
17.7% 9.2%

Younger Female
10.3%

Middle Male
10.0%

Middle Female
6.0%

Older Male
46.9%

Figure 2-16. Percent VDT for CCC (ACAS-Disabled) i Age and Gender

Figure 2-17 shows exposure, during the ACAS-Enatdstperiod, to the Manual 2, FCW, and
ACC driving modes. Overall, during the ACAS-Enabtest period, all subjects drove 36
percent of the VDT with ACC. As noted above, ttositrasts with only a 21 percent usage rate
for CCC. As the figure shows, there are some ldifferences in the use of ACC among the
groups. The older female group drove 54 percetitef VDT using ACC, which is the highest
rate among the groups. Although all groups shoavethcrease in ACC use compared to CCC
use, the younger male group had the largest inerdd$so to 38%). The older drivers, in
general, used ACC the most (51%); middle-aged siused ACC the least (22%). The lowest

usage rate was among middle-aged females (15%@.mEmual control (Manual 2) use rate was

very similar among all groups.
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Figure 2-17. Percent VDT for ACAS-Enabled DrivingModes by Age and Gender

Figure 2-18, Figure 2-19, and Figure 2-20 provideerdetailed distributions of valid VDT
(ACAS-Enabled) by age and gender for ACC, FCW, iathual 2 use, respectively. For ACC
driving, the highest usage rate was among oldealiesmat about 29 percent. The VDT in ACC

was also distributed as follows:

54 percent by the all male group and 46 percgité all female group, and

27 percent by the all younger group, 20 percgrihb all middle-age group, and 53

percent by the all older group.

Younger Male
16.7%
Older Female

29.4%

Younger Female
10.1%

Middle Male
14.0%

Older Male

3 5% Middle Female
. 0

6.3%

Figure 2-18. Percent VDT for ACC (ACAS-Enabled) byAge and Gender
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Figure 2-19 shows the distribution of FCW VDT byamnd gender. This total FCW VDT was
also distributed as follows:

- 46 percent by the all male group and 54 percgihé all female group, and
- 33 percent by the all younger group, 38 percgrhb all middle-age group, and 29
percent by the all older group.

Older Female Younger Male
14.3% 15.5%

Older Male
14.4% Younger Female

18.0%

Middle Female Middle Male
22.0% 15.8%

Figure 2-19. Percent VDT for FCW (ACAS-Enabled) byAge and Gender

Figure 2-20 presents the distribution of VDT in mahcontrol (Manual 2) by age and gender.
This VDT was also distributed as:

- 52 percent by the all male group and 48 percgihd all female group, and
- 33 percent by the all younger group, 35 percgrhb all middle-age group, and 32
percent by the all older group.

Older Female Younger Male
15.9% 16.1%

Older Mal
15.8%

Younger Female
17.6%

Middle Female

14.8% Middle Male

19.8%

Figure 2-20. Percent VDT for Manual Control (ACASEnabled) by Age and Gender



2.6 EXPOSURE BY RELATIVE USE OF ACC VERSUS CCC

Figure 2-21 shows the relative exposure of subjectsCC and CCC use expressed as a ratio of
ACC to CCC VDT. Overall, the use of ACC by the F&lbjects is 1.8 times higher than CCC,
that is; the percent of ACAS-Enabled VDT with AC8eus 1.8 times greater than the percent of
ACAS-Disabled VDT with CCC use. As seen in Figf21, the greatest increase in ACC use
over CCC use was seen in the younger male group.
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Figure 2-21. Relative Use of ACC Compared to CCCyoVDT

2.7 EXPOSURE BY ACAS STATUS, DRIVING MODE, ROAD TYPE, AGE, AND
GENDER

As noted above, the proportion of VDT between the ACAS Status test periods by road type
was very similar. Figure 2-22 and Figure 2-23 edtthis analysis to include age and gender.
As indicated in Figure 2-22, the proportion of @y on non-freeways by males and females is
the same between the two ACAS Status test peribtddes and females also have about the
same proportion of distance traveled, 52 percanifales and 48 percent for females. Driving
on freeways shows a minor variation in this pattdfemales drove proportionately more than
males for the ACAS-Enabled test period (53% ve#dsi¥%) whereas females drove slightly less
than males for the ACAS-Disabled test period (43¥sus 57%).

2-16



100%
80% A
60% -

O Male B Female

Vehicle Distance Traveled (%)

Figure 2-22. Percent VDT by ACAS Status, Road Typeind Gender

As indicated in Figure 2-23, the proportions ovdrg by road type and by age are relatively
uniform between the two ACAS Status test periddsgeneral, older drivers tended to drive
slightly more on freeways than non-freeways, whetha opposite is apparent for middle-age

and younger drivers.
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Figure 2-24 shows the distribution of VDT for ACASwabled driving modes by road type and
gender. The proportion of ACC driving is nearlyabbetween males and females (males
slightly more) for both freeways and non-freeway$ie proportion of FCW driving is similar
between males and females on non-freeways but ésnhalve a higher FCW usage rate on

freeways. Manual control (Manual 2) driving isafsearly equal between males and females for
both road types.
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Figure 2-24. Percent VDT by ACAS-Enabled Driving Mbdes, Road Type, and Gender

Figure 2-25 shows the distribution of ACAS-Enabl\daT by road type and age. In addition to
the patterns discussed above for gender, Figutesh@ws that, regardless of road type, older
drivers generally use ACC the most, followed byryger drivers and middle-age drivers. The
proportion of FCW driving is similar between ageups for both road types. Manual control is
also about equally divided between the age groompisdth Road Types.
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Figure 2-25. Percent VDT by ACAS-Enabled Driving Mbdes, Road Type, and Age

2.8 EXPOSURE BY ACAS STATUS, DRIVING MODE, AGE, GENDER, AND

WEATHER

Figure 2-26 presents the distribution of VDT by AE Status, age, gender, and weather.
Weather was classified as either clear or adverskeermined by activation of the windshield
wipers. The proportion of driving for clear andracse weather by the various ACAS Status,
age, and gender categories is very similar. Ireg@nall categories are close to the average of
92 percent of all driving in clear weather.
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Figure 2-26. Percent VDT by ACAS Status, Age, Gerd, and Weather
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Exposure data for driving by weather were examinetther for various driving modes. In
general, the same patterns as shown in Figure@@e@iled. The results are summarized
below:

- Manual control (Manual 1), ACAS-Disabled:
0 91 percent of this driving is performed in clearatvesr:
= 51 percent by all males and 49 percent by all fesyand
= 36 percent by all younger, 34 percent by all mieatie, and 30 percent by all
older
0 9 percent of this driving is performed in advers=ather:
= 62 percent by all males and 38 percent by all fesyand
= 48 percent by all younger, 29 percent by all mieatie, and 23 percent by all
older

- CCC, ACAS-Disabled:
0 94 percent of this driving is performed in clearatvesr:
= 64 percent by all males and 36 percent by all fegyand
= 19 percent by all younger, 16 percent by all mieatie, and 65 percent by all
older
0 6 percent of this driving is performed in advers=ather:
= 96 percent by all males and 4 percent by all femalad
= 34 percent by all younger, 10 percent by all mieatie, and 56 percent by all
older

- Manual control (Manual 2), ACAS-Enabled:
0 91 percent of this driving is performed in clearatvesr:
= 51 percent by all males and 49 percent by all fesyand
= 34 percent by all younger, 34 percent by all mieatie, and 32 percent by all
older
0 9 percent of this driving is performed in advers=ather:
= 54 percent by all males and 46 percent by all fesyand
= 33 percent by all younger, 42 percent by all mieatie, and 25 percent by all
older
-  FCW, ACAS-Enabled:
0 90 percent of this driving is performed in clearatyeer:
= 45 percent by all males and 55 percent by all fesyand
= 34 percent by all younger, 37 percent by all mietie, and 29 percent by all
older
0 10 percent of this driving is performed in adversather:
= 51 percent by all males and 49 percent by all fesyand
= 33 percent by all younger, 41 percent by all mietie, and 27 percent by all
older

- ACC, ACAS-Enabled:

0 96 percent of this driving is performed in clearatyeer:
= 54 percent by all males and 46 percent by all fesyand
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= 27 percent by all younger, 20 percent by all mietie, and 53 percent by all

older

0 4 percent of this driving is performed in advers=ather:
= 67 percent by all males and 33 percent by all fesyand

= 19 percent by all younger, 36 percent by all mietie, and 44 percent by all

older

Figure 2-27 and Figure 2-28 break down the VDTIl@acand adverse weather by the driving
modes of ACAS-Disabled and ACAS-Enabled test petiogispectively. About 21 percent of
the VDT in clear weather was accumulated by the @8@ng mode during the ACAS-Disabled
test period, as opposed to 38 percent of clearhgeatDT by ACC during the ACAS-Enabled
test period. ACC usage rate was also higher tf@@ @ adverse weather VDT. During the
the relative VDT with FGWadverse weather was higher than in

ACAS-Enabled test period,

clear weather due to the lower usage rate of AC&tlirerse weather.
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Figure 2-27. Breakdown of VDT by Weather and Drivhg Mode with ACAS Disabled
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Figure 2-28. Breakdown of VDT by Weather and Drivhg Mode with ACAS-Enabled

2.9 EXPOSURE BY ACAS STATUS, DRIVING MODE, AGE, GENDER, AND
AMBIENT LIGHT

In the ACAS-Disabled test period, FOT subjects dra@,000 km in lighted conditions and
10,000 km in the dark, accounting respectively®percent and 27 percent of all VDT in this
period. By comparison, in the ACAS-Enabled tesiqak subjects drove 90,000 km in lighted
conditions and 32,000 km in the dark, comprisirgpeetively 74 percent and 26 percent of all
VDT in this period. Ambient light was classified either light or dark as determined by the
photo sensor in the host vehicle that automati@adtivates the headlights when it gets dark
outside. The proportion of driving for light andréd by the two ACAS Status test periods is very
similar. About 74 percent of all driving is penfioed during lighted conditions.

Figure 2-29 shows the distribution of VDT for ACASsabled driving modes by ambient light.

The proportion of driving by light and dark is nigadentical between Manual 1 and CCC
driving.
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Figure 2-29. Percent VDT by ACAS-Disabled DrivingMlodes and Ambient Light

Figure 2-30 shows the distribution of VDT for ACASwabled driving modes by ambient light.
The proportion of driving by light and dark is nigadentical between Manual 2, FCW, and
ACC driving. These distributions are also veryitamo the ACAS-Disabled driving modes.
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Figure 2-30. Percent VDT by ACAS-Enabled Driving Mbdes and Ambient Light

Figure 2-31 shows the distribution of VDT for ACA$atus, age, and gender by ambient light.
The proportion of driving by light and dark is vesiynilar for gender and age, with two minor
exceptions: comparing driving with ACAS-Enabledstes ACAS Disabled, younger drivers
tended to drive slightly less during light conditso(69% versus 65%) and older drivers tended to
drive slightly more during light conditions (84%rsgas 79%).
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Figure 2-31. Percent VDT by ACAS Status, Age, Gerd, and Ambient Light

Figure 2-32 shows the distribution of VDT for ACAS-Enabledidg modes, age, and gender
by ambient light. The proportion of driving within the gended age groups is quite similar
between the driving modes. The largest difference is widmrafes, who drove ACC slightly
more during lighted conditions (81%) than FCW (75%) and MbRa{76%). Between groups,
the use patterns are very similar, but show a progressionintr@ased proportion of ACAS use
during lighted conditions from younger (about 65%) to meddbout 72%) to older (about 84%)
(see also Figure 2-31).
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Figure 2-32. Percent VDT by ACAS-Enabled Driving Mdes, Age, Gender, and Ambient
Light

Figure 2-33 and Figure 2-34 break down the VDT in lighted arldaarditions by the driving
modes of ACAS-Disabled and ACAS-Enabled test periods, casply. About 20 percent of
the VDT in lighted conditions was accumulated by the CCOrdyitnode during the ACAS-
Disabled test period, as opposed to 37 percent of light VDTG during the ACAS-Enabled
test period. ACC usage rate was also higher than CCC in dark Y2Dfing the ACAS-Enabled
test period, the relative VDT with FCW in dark conditions wigkér than in lighted conditions
due to the lower usage rate of ACC in the dark.
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Figure 2-33. Breakdown of VDT by Ambient Light andDriving Mode with ACAS
Disabled
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Figure 2-34. Breakdown of VDT by Ambient Light andDriving Mode with ACAS-
Enabled

2.10 EXPOSURE BY ACAS STATUS, DRIVING MODE, AGE, GENDER, AND
TRAFFIC

This section presents the distribution of VDT by ACAS Stallusing mode, age, gender, and
traffic Level. Traffic level is classified as low, moderateheavy. The Traffic level
classifications are determined from FOT data based on h@addateristics, vehicle speed, and
vehicle target counts using the Traffic State Identifasatilgorithm. This algorithm, developed
specifically for the ACAS evaluation, approximates the Le¥&ervice as defined by the
Highway Capacity Manual. Low traffic corresponds to seriggels A and B, Moderate traffic
to C and D, and Heavy traffic to E and F. A more detailed desuripfithe Traffic State
Identification algorithm can be found in thisference (Koopmann and Najm, 2003)

During the ACAS-Disabled test period, FOT subjects drove:

24,000 km or 67 percent of VDT in low traffic
10,000 km or 27 percent of VDT in moderate traffic
— 1,000 km or 3 percent of VDT in heavy traffic

— 1,000 km in unknown level of traffic

During the ACAS-Enabled test period, the subjects drove:

— 84,000 km or 69 percent of VDT in low traffic

— 33,000 km or 27 percent of VDT in moderate traffic
— 4,000 km or 3 percent of VDT in heavy traffic

— 1,000 km in unknown level of traffic
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The proportion of driving by traffic level between the two A& Status test periods is very
similar. About 69 percent of all driving distance is travetebbw traffic, 27 percent in
moderate traffic, and only about 3 percent in heavy traffiee r€kative small amount of travel
in heavy traffic will likely diminish the statistical rebdity of ACAS safety impacts analyses for
heavy traffic.

Figure 2-35 shows the distribution of VDT for ACAS-Enableitidg modes by traffic level.

The proportion of driving in low traffic increases and cep@ndingly decreases in moderate and
heavy traffic as the driving mode transitions from Manual B&W to ACC. This indicates that
meaningful analyses of ACC driving in heavy traffic are kel
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Figure 2-35. Percent VDT by ACAS-Enabled Driving Mbdes and Traffic Level

Figure 2-36 shows the distribution of VDT for ACAS Status, age gemder by traffic level.
The proportion of driving by traffic level is very similarfgender and age between ACAS-
Enabled and ACAS-Disabled test periods. Traffic level shthdrefore not introduce any bias
in comparisons between the two ACAS Status periods.
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Figure 2-36. Percent VDT by ACAS Status, Age, Gerd, and Traffic Level

Figure 2-37 shows the distribution of VDT for ACAS-Enableidg modes, age, and gender
by traffic level. The proportion of driving within the genderd age groups is quite similar for
each driving modes. As noted above, however, for all driveipgrdbe proportion of driving in
low traffic increases with use of ACC. Conversely, most dgiwnheavy traffic is performed in
Manual 2. Figure 2-37 also shows that ACC use in low traffiogisdst among younger drivers

ACAS Disabled

Male ‘ Female‘ Younger‘ Middle‘

Older

Male ‘

(81%) and lowest among middle-age drivers (72%).
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Figure 2-37. Percent VDT by ACAS-Enabled Driving Mbdes, Age, Gender, and Traffic
Level

Figure 2-38 and Figure 2-39 break down the VDT in traffic lelglthe driving modes of
ACAS-Disabled and ACAS-Enabled test periods, respectiveélgC use accounted for 23
percent and 13 percent of the VDT in low and moderate tragfpectively. In contrast, ACC
accounted for 40 percent and 30 percent of the VDT resplgatMew and moderate traffic.
Thus, ACC use was relatively higher than CCC in moderatéctrdduring the ACAS-Enabled
test period, the relative VDT with FCW in moderate traffic Weshighest among the three
traffic levels.
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Figure 2-38. Breakdown of VDT by Traffic Level andDriving Mode with ACAS Disabled
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Figure 2-39. Breakdown of VDT by Traffic Level andDriving Mode with ACAS-Enabled

2.11 EXPOSURE BY ACAS USAGE PATTERNS
2.11.1 Distribution of FCW Sensitivity Settings

2.11.1.1 Distribution of FCW Sensitivity SettingsPeriod 3 versus Period 4

Figure 2-40 illustrates the breakdown of VDT with FCW durimg ACAS-Enabled test period

by FCW sensitivity settings. The most sensitive setting, $ouated for the highest FCW

VDT among the six FCW sensitivity settings. At this setting] BObjects would have
experienced the highest rate of visual cautionary alectsuise FCW responds to the host vehicle
closing in on obstacles ahead from farther ranges with lcamgye rates. It should be noted that
FCW sensitivity setting does not affect the crash-imminkent eate (simultaneous flashing

visual and auditory tone). The other two dominant settings %8 and S1 (S1 - least sensitive
setting). At the least sensitive setting of FCW, FOT subjectdditave experienced the least
rate of visual cautionary alerts because FCW responds hm#teehicle closing in on obstacles
ahead from closer ranges with higher range rates.

To investigate the effects of ACAS learning and experimemathen FOT subjects start to
drive with the assistance of FCW and ACC functions, the ACA&bEed test period was
divided into two periods, Period 3 and Period 4, based on almabishe distance traveled by
each subject in this test period. If the halfway distance fpartcular subject occurred in the
middle of a trip during the ACAS-Enabled test period, thatdrid subsequent trips would then
be placed in Period 4. As a result, Period 3 and Period 4 amoaspesttively to about 58,000
and 64,000 Km. It should be noted that the ACAS-Disabled tesidpeas similarly divided

into two periods, Period 1 and Period 2, to examine driver iyl with a new vehicle as
discussed in Section 4. FCW and ACC usage rates were atlrilegfeectively to 54 percent and
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34 percent of the VDT in Period 3. By comparison, FCW and ACCeusdgs accounted
respectively for 52 percent and 38 percent of the VDT in B&ricACC usage rate in Period 4
was slightly higher than in Period 3 due to more driving onwfags in Period 4. Figure 2-41
shows the distribution of VDT with FCW by FCW sensitivitytsejs for ACAS-Enabled

Periods 3 and 4. The usage patterns for both periods arer suithidhe minor exception that
Period 4 shows slightly less use of S6 and slightly more uS2.ofThe relative similarity of
patterns indicates little modification in setting prefee as subjects became more familiar with
the system. Usage of settings S1, S3, and S6 tends to dominatggests that fewer settings

might be acceptable for most users.
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Figure 2-40. Breakdown of VDT with FCW during ACAS-Enabled by FCW Sensitivity

Settings
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Figure 2-41. Distribution of FCW Sensitivity Settngs, Period 3 versus Period 4
2.11.1.2 Distribution of FCW Sensitivity Settings g Subject Group, Period 4 Only

Figure 2-42 shows the distribution of VDT with FCW by FCW seérigjtsettings and subject
group for the ACAS-Enabled Period 4 only. The results inglicahsiderable differences in
setting preference between subject groups:

- Younger subjects tend to use lower settings (77% of usgh<S& to S3)

- Middle-age subjects tend to use lower settings (72% ofusih S1 to S3)
- Older subjects tend to use higher settings (71% of use¢hsS4ito S6)

- Males tend to use higher settings (61% of use is with S4)to S6

- Females tend to use lower settings (71% of use is with S3)to S

It is not clear why the different subject groups tended tdwaese patterns. Lower settings
result in more critical visual cautionary alerts; howeuesg,dlerts are less frequent. Younger
drivers might prefer the lower settings, as this would allavafmore aggressive style of driving
without frequent occurrence of visual alert icons. Olderedsi might prefer the higher settings
where cautionary tailgating alerts occur at longer heaslyesythis would allow for more
response time to these cautionary alerts. Moreover, thd sisuis might not be too frequent if
the driving style is generally conservative.
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Figure 2-42. Distribution of FCW Sensitivity Settngs by Subject Group, Period 4

2.11.1.3 Distribution of FCW Sensitivity Settings g Road Type and Subject Group, Period
4 Only

Figure 2-43 and Figure 2-44 display the distribution of VDThMACW by FCW sensitivity
settings by subject group for the ACAS-Enabled Period 4 amfyeeways and non-freeways,
respectively. Middle-age drivers are nearly evenly sptivben lower and higher settings on
non-freeways, and the female tendency to use lower settisljghly lessened (65% of use is
with S1 to S3).
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Figure 2-43. Distribution of FCW Sensitivity Settngs for Freeways by Subject Group,
Period 4
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Figure 2-44. Distribution of FCW Sensitivity Setthgs for Non-Freeways by Subject Group,
Period 4

2.11.2 Distribution of ACC Sensitivity Settings

2.11.2.1 Distribution of ACC Sensitivity SettingsPeriod 3 versus Period 4

Figure 2-45 illustrates the breakdown of VDT with ACC durimg ACAS-Enabled test period
by ACC gap settings. The most dominant setting was 2-secoedyéip) accounting for 31
percent of all VDT driven with ACC during the ACAS-Enablestfgeriod. Figure 2-46 shows
the distribution of ACC gap settings for ACAS-Enabled Rixi® and 4. The usage patterns for
both periods are similar with the minor exception that Betishows slightly less use of 2-
second gap setting and slightly more use of 1.2-secondgsefthre relative similarity of patterns
indicates little modification in setting preference agetts became more familiar with the
system. This usage pattern is also similar to that for FCWewenvthe ACC settings tend to be
slightly higher (55% of ACC use is with settings 1.6 and 2 s#woarsus 43% for S4 to S6 with
FCW). As with FCW use, the dominant use of settings S1, S3, and)§éssaithat fewer
settings might be acceptable for most users.
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Figure 2-45. Breakdown of VDT with ACC during ACAS-Enabled by ACC Gap Settings
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Figure 2-46. Distribution of ACC Gap Settings, Paod 3 versus Period 4

2.11.2.2 Distribution of ACC Sensitivity Settings i Subject Group, Period 4 Only

Figure 2-47 shows the distribution of VDT with ACC by ACC gaitirsgs and subject groups
for the ACAS-Enabled Period 4 only. The results indicateiderable differences in setting
preference between subject groups. These differencesmangasized below and are also
compared with the corresponding FCW settings:

- Younger subjects tend to use lower ACC settings (79% asusih 1 and 1.4 seconds
versus 77% for S1 to S3 with FCW)
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- Middle-age subjects tend to use higher ACC settings (§0%eois with 1.6 and 2
seconds versus 28% for S4 to S6 with FCW)

- Older subjects tend to use higher ACC settings (74% ofusih 1.6 and 2 seconds
versus 71% for S4 to S6 with FCW)

- Males tend to use higher ACC settings (51% of use is with 1.@ aeconds versus 61%
for S4 to S6 with FCW)

- Females tend to use higher ACC settings (59% of use is W@ithntl 2 seconds versus
29% for S4 to S6 with FCW)

The pattern of ACC gap settings for the different subjeaiggadends to agree with expectations.
As driver age increases, the gap settings increase. This oalsistent with results from the
ICC evaluation, where it was found that older drivers tendeelect longer time headways
(Koziol et al., 1999). Overall, the male group has a slightly t@ae setting pattern relative to
females, which might be a reflection of a slightly more agivedriving style.

An examination of the differences between the ACC and FCiviggiatterns by middle-aged
and female subject groups provides some possible insightlasir motivations for the FCW
settings selected. Both middle-aged and female groups tiaer flyap/sensitivity settings when
using ACC than when using FCW. This suggests that the motivati lower FCW settings
might be to avoid FCW visual alerts since the ACC gap setititljsate a contrary driving style
that tends toward conservative; i.e., longer headways.
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Figure 2-47. Distribution of ACC Gap Settings by 8bject Group, Period 4

2.11.3 Distribution of ACC Sensitivity Settings byRoad Type and Subject Group, Period 4

Figure 2-48 provides a breakdown of VDT with ACC by gap setiimdjroad type for the
ACAS-Enabled Period 4 only. Higher gap setting4.@4 seconds) were selected on non-
freeways than on freeways. Figure 2-49 and Figure 2-50 showsthbution of VDT with
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ACC by ACC gap settings and subject group for the ACAS-End®éeidd 4 only on freeways
and non-freeways, respectively. The results indicate coabigedifferences in setting
preference between subject groups, but the patterns agesgmitar for the overall results for
Period 4.
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Figure 2-48. Distribution of ACC Gap Settings by Rad Type, Period 4
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Figure 2-49. Distribution of ACC Gap Settings forFreeways by Subject Group, Period 4
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Figure 2-50. Distribution of ACC Gap Settings forNon-Freeways by Subject Group,
Period 4

2.12 SUMMARY OF EXPOSURE RESULTS

A total of 66 subjects drove about 163,000 km during the FOTh &agect had an
instrumented vehicle for a period of four weeks: ACAS washtkslkduring the first week and
later enabled for the following three weeks. About 97 perakthte total VDT or 158,000 km
reflected valid trip data used in evaluation analyses:

— The ACAS-Disabled and ACAS-Enabled test periods comprisguectively 23 percent
(36,000 km) and 77 percent (122,000 km) of the total valid VDT.

— CCC was engaged in 21 percent (7,000 km) of VDT in the ACAShIRiddest period.
On the other hand, ACC was engaged in 36 percent (44,000 km) oirvb& ACAS-
Enabled test period. Thus, ACC use was about 1.8 times more@@mQGerms of
percent of distance traveled. FCW was active in 53 perce@0®4m) of VDT in the
ACAS-Enabled test period. FCW and ACC collectively accaufae89 percent of the
VDT in the ACAS-Enabled test period. The remaining 11 penveng driven in manual
mode at speeds below 20 mph and when FCW and ACC were inagtiveGmph due
to braking by the host vehicle and other disabling fact@atsatfiect system operation
such as dirty radar.

— Older subjects drove the most distance in both test peB6édsercent of VDT in ACAS-
Disabled test period and 38 percent of VDT in ACAS-Enablsidateriod. Moreover,
older subjects were the highest users of cruise controle@@mt of their ACAS-
Disabled VDT and 51 percent of their ACAS-Enabled VDT was@CA However, the
largest ACC to CCC use ratio was observed at 2.6 for youngecsib

— About 84 percent and 87 percent of VDT, respectively, in the &Ohsabled and
ACAS-Enabled test periods were accumulated at vehiclelsggeater than or equal to
35 mph. CCC use comprised 24 percent of the ACAS-Disabled YDihtaspeed range,
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while ACC use accounted for 42 percent of the ACAS-Enabled MQhe same speed
range. CCC or ACC use was only 1 percent of the VDT at vehictelsjielow 35 mph.
About 51 percent and 55 percent of VDT respectively in the 3{Asabled and ACAS-
Enabled test periods were driven on freeways. CCC use cech@3spercent of the
ACAS-Disabled VDT on freeways, while ACC use accounted fquér6ent of the
ACAS-Enabled VDT on freeways. On non-freeways, CCC and ACC gseap
respectively 6 percent and 12 percent of VDT

Over 90 percent of the VDT was driven in clear weather dunedg-OT. CCC was used
in 15 percent of the adverse weather VDT in the ACAS-Disaelstdoeriod, as opposed
to 20 percent of this VDT by ACC in the ACAS-Enabled test perieCW was active in
52 percent of the VDT in clear weather and arose to 68 perctrd ¥DT in adverse
weather due to lower engagement rate of ACC.

Over 73 percent of the VDT was driven in lighted conditionsnduthe FOT. There was
no noticeable change in CCC use rate between lighted andatatitions € 20%).

There was a slight reduction in ACC use rate from 37 percerd®fin lighted
conditions to 32 percent of VDT in dark conditions. As a reB@WV active rate was
slightly higher in dark conditions than in lighted condigo

About 67 percent of the VDT in the ACAS-Disabled test periad driven in low level
of traffic, which was similar to the ACAS-Enabled test pe(@82). CCC use rate
dropped from 23 percent of the VDT in low traffic to 13 peradrihe VDT in moderate
traffic. On the other hand, ACC use rate fell from 40 percend fweBcent of the VDT
respectively in low and moderate traffic levels. Consedyer€W active rate jumped
from 51 percent to 60 percent of the VDT respectively in lovranderate traffic levels.
The most sensitive FCW sensitivity setting, S6, was seleat2d percent of the overall
VDT in the ACAS-Enabled test period. Setting S3 followed gp&2ent of the VDT.
The least sensitive setting, S1, was ranked third at 19 perficérd VDT. During the
second half of the VDT in the ACAS-Enabled test period, S3rbet¢he most widely
selected setting and S6 dropped to second.

The 2-second time gap was the most chosen ACC gap settingn@egdar 31 percent
of the overall VDT driven with ACC, followed in descendinganrdly 1.4- and 1-second
gap settings. During the second half of the VDT in the ACASledatest period, the
same order of gap settings remained except for a lower esefratsecond time gap.
Finally, FOT subjects tended to use higher ACC gap settingsifreeways than on
freeways.
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3. SYSTEM CAPABILITY

The system capability analysis of the independent evaluakiamined the operational
performance of ACAS by addressing its major componentsithdilly, as illustrated in Figure
3-1. Accordingly, this analysis consisted of four objectihed characterize the capability of the
system to either alert the driver in a timely manner andfaly sgutomatic controls when
required. The following highlights the four objectives:

1.

2.

Sensor suite: To characterize the performance of tharfddeoking sensor in rejecting
out-of-path targets, and detecting and tracking closestimtprgets.

Alert logic: To examine the performance of the warningcl@decision-making) in
alerting the driver to driving conflicts that might lead éarend crashes.

Automatic controls: To assess the ability of ACC to mairdgre-set longitudinal
distance to a lead vehicle ahead, particularly the acdeletd deceleration authority
under dynamic driving conditions.

Driver-Vehicle Interface (DVI): To evaluate the cap&pidf the DVI to properly convey
visual and audible information to the driver.

System Capability
l
l l l l
Sensor Alert Automatic Driver-Vehicle
Suite Logic Controls Interface
In-Path/Out-of-Path E Efficacy E Headway E HUD Readability
Target Detection Nuisance Acceleration Sound Audibility

In-Path Target Tracking
HUD = Head-Up Display

Figure 3-1. Analysis Framework of System Capabilit

This analysis employed objective and subjective data fnenrOT, and objective data from a
system characterization test conducted by the indepeadaluiator. Appendix A describes this
independent test that provided supplementary data to neesmme system performance
parameters on different roadway configurations. Table 8td the objectives and sub-
objectives of the system capability goal, data sources, ambotant analyses.

The characterization of the forward-looking sensor suigengxed how well the system rejected
out-of-path targets, and detected and tracked closesthrtgrgets. This analysis was based in
part on observations from 8-second FOT episodes of videousnérital data, which were
triggered by crash-imminent alerts during the ACAS-Dishlaled ACAS-Enabled test periods.
Appendix B describes the data logger and coding instrigctisad to record observations of
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video episodes. In particular, this analysis focused on awustring alert episodes that were
caused by moving in-path and stationary out-of-path tardessa from the system
characterization test were used to determine the rejadtimnof out-of-path targets and the rates
of missed, lost, or intermittent detection of in-path targetsadbition, FOT surveys provided a
subjective evaluation of the missed and false target rgtéseborward-looking sensor suite.

Table 3-1. Data Sources and Concomitant Analyse$ 8ystem Capability

L System
Objectives Sub- FOT Objective Data FONT SEEhTS Characterization
Objectives Data Test
- General characteristics of | - Missed and false | - Late detections
In-path/out- | crash-imminent alerts targets - Out-of-path target
of-path - Analysis of moving in-path rejection
Sensor target target alerts
Suite detection | - Analysis of stationary out-of
path target alerts
In-path - Intermittent
target detections
tracking - Lost tracking
- Crash imminent alert rates | - Timing of FCW
under different driving auditory alert
conditions - Design changes tp
- Driver response (type and | FCW alert timing
Eff reaction time) to crash- setting
icacy o
imminent alerts
- Driver inattention during
. crash-imminent alerts
Alert logic : A
- Mapping of crash-imminent
alert events to near-crashes
- Appropriateness
of alerts
. - Unnecessary
Nuisance
alerts and
unidentified source
of alert
Headway - Design changes tp
maintenance ACC gap setting
_ - ACC autobrake | - ACC response time
Automatic Auto response timing - Autobraking due to
controls : -ACC out-of-path targets
acceleration .
: acceleration/
deceleration .
deceleration
authority
- Drive & see HUD
- See information
Driver- HUD on HUD
: readability - Visual crash alert
vehicle .
. detections
interface ..
- Alert recognition
Sound - Audible alert
audibility detection
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The ability of the alert logic component of the system toeigsaorrect signal (efficacy) was
examined using data from FOT episodes triggered by crasimeniralerts and FOT surveys.
The ACAS issues a “true” signal (warning/autobraking) winenhost vehicle is on a rear-end
crash course with an in-path obstacle (i.e., situations raguarsignal). On the other hand, a
“false” signal is issued in situations not requiring a dignah as out-of-path targets or the host
vehicle not on a collision path with a lead vehicle in its lafiee degree of nuisance generated
by ACAS alerts was qualitatively measured using FOT survBysrers would most likely
perceive out-of-path target alerts as nuisance. Moreovee, positive” signals issued by the
ACAS might also be considered as “nuisance” if drivers stiby judged them as too early or
not necessary.

Subjective data from FOT surveys were used to assess titye @NCC to control a pre-set
headway and apply comfortable braking or accelerationabvdéh transient driving conditions
(lead vehicle braking, cutting in from adjacent lanes, acatihg, or moving out to adjacent
lanes). System characterization test data were employéxgetdively portray ACC response
times to transient driving conditions, and examine autobgaévents in response to out-of-path
moving vehicles.

The ability of the DVI to properly convey system informattorthe driver was qualitatively
evaluated using FOT surveys. In particular, this evaluaéiparted the opinions of FOT
subjects on how well they were able to see the HUD while drivead the displayed
information, and hear auditory alerts from the speaker etidokeih the vehicle dashboard.

3.1 SENSOR SUITE

This section discusses the capability of the forward-lgpkensor suite to discriminate between
in-path and out-of-path targets, and to detect and trackstliospath targets. First, a general
description of FOT crash-imminent alerts is provided sihtediscussion is primarily based on
data from FOT episodes triggered by these alerts. A disouskin-path target detection and
tracking follows. After that, this section deals with the di&d@ and rejection of out-of-path
targets.

3.1.1 General Characteristics of Crash-Imminent Algs

The 66 FOT subjects who drove the ACAS-equipped vehiclésAlgiorithm C received a total
of 980 crash-imminent alerts in both ACAS-Disabled and AG&3bled test periods. A total
of 253 “unheard” crash-imminent alerts or 25.8 percent of lgibthm C alerts were issued
during the first week when ACAS was disabled. The remainidgcvash-imminent alerts were
conveyed to FOT subjects during the subsequent three wiegging when ACAS was
enabled. The majority or 90 percent of these “heard” alectsred with FCW driving mode. It
should be noted that 27 subjects drove ACAS-equipped eshidth Algorithm C embedded
with software containing a bug that unintentionally re=iiih the suppression of ACC alerts
associated with moving targets (University of MichigannBportation Research Institute and
General Motors, 2005). Five more drivers had this flawed soéwmitially but their vehicles
were converted to new, fixed software during their FOT egped. The remaining 34 subjects
drove ACAS-equipped vehicles exclusively with the newvsarfé. Figure 3-2 shows the
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breakdown of crash-imminent alerts by driving mode. Ovelad|FOT subjects experienced
about 0.62 crash-imminent alerts per 100 km traveled. Thisraterwas 0.7 during the ACAS-
Disabled test period, as opposed to 0.6 during the ACAS-Ehtdsdeperiod. Figure 3-3
provides the alert rate for each driving mode.

ACC
7%

Manual +
CCC
26%

FCW
67%

Figure 3-2. Breakdown of Crash-Imminent Alerts byDriving Mode
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Figure 3-3. Crash-Imminent Alert Rates per Distane Traveled by Driving Mode

In-path targets (e.g., vehicles or objects in the path and sameflthe host vehicle) triggered
only 57 percent of all alerts. The remaining 43 percent ofadhcimminent alerts were due to
out-of-path targets (e.g., vehicles or objects in adjacerdltl@nes, objects on the side of the
road, or overhead bridges/signs), and thus considered fatséngs. Moving in-path or out-of-
path targets caused 62 percent of all alerts. Figure 3-4allestthe breakdown of all alerts by
target motion state and location relative to the host vehi&bout 92 percent of these alerts fall
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under two categories: moving in-path targets and statiandrgf-path targets. Some alerts due
to moving in-path targets could be sources of nuisance terdnvho judge that these situations
do not pose any immediate rear-end crash threat.

Moving out-of-

path
7% Stationary out-
of-path
37%
Moving in-patt Stationary in-
55% path

1%

Figure 3-4. Breakdown of Crash-Imminent Alerts byTarget Motion and Location

3.1.2 In-Path Target Detection and Tracking

In-path targets triggered 0.35 crash-imminent alerts per @0aveled. The majority of these

alerts (535), or 0.34 alerts per 100 km, was attributed to meéarggts. As seen in Figure 3-5,

the majority of moving in-path target alerts was triggeredmiboth the host and lead vehicles

were traveling on a straight road. Only 7 percent of thests alere issued when both vehicles
were on a curve.
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Figure 3-5. Breakdown of Crash-Imminent Alerts by Host Vehick Location versus Moving
Target Location

A lead vehicle turning ahead of the host vehicle triggerepeddent of the moving in-path target
alerts, while 10 percent of these alerts involved a lead leethi@